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ABSTRACT
We present CCD V I KC photometry down to V ≈ 21 mag in the field of the rich open cluster
NGC 2194, which is projected towards the Galactic anticentre direction. We measured V
magnitudes and V − I colours for a total of 2515 stars in a field of 13.6 × 13.6 arcmin2. These
data are supplemented with CCD photometry in the C , M and T 1 filters of the Washington
system and photoelectric CMT1T 2 photometry of 20 red giant candidates. Based on the best fits
of isochrones computed by the Geneva and Padova groups to the (V , V − I ) colour–magnitude
diagram, we derive a colour excess E(V − I ) = 0.75, a cluster distance of 3.2 kpc and an age
of 400 Myr. Five independent Washington abundance indices yield a mean cluster metallicity
of [Fe/H] = −0.27 ± 0.06, which is compatible with the existence of both a radial and Z
gradient in the Galactic disc. NGC 2194 is a relatively young open cluster, whose deficiency
in metal content can be accounted for by the fact that it was born not only far from the Galactic
centre in the outer disc, but also at a relatively high Z value.
Key words: techniques: photometric – open clusters and associations: general – open clusters
and associations: individual: NGC 2194.
1 I N T RO D U C T I O N
Observations reported in this study were carried out as part of a
program which has been under way for a number of years at the
Observatorio Astrono´mico de la Universidad Nacional de Co´rdoba
(Argentina). This program undertakes to determine the fundamental
parameters or to refine the quality of observationally determined
properties of some unstudied or poorly studied open clusters, in
order to enlarge our understanding of the clusters themselves and
the Galaxy as a whole. Many open clusters with angular diameters
exceeding the usual size of the CCD cameras have been studied
using UBV photoelectric photometry (e.g. Claria´, Lapasset & Bosio
1990; Claria´, Piatti & Lapasset 1998), while many other relatively
small angular size open clusters have been investigated using CCD
BVI Johnson–Cousins photometry (e.g. Piatti, Claria´ & Bica 2000;
Piatti & Claria´ 2001).
NGC 2194 (IAU designation C0611+128), also known as Cr 87
(Collinder 1931), is located in a uniform, moderately rich star field
in Orion at α2000 = 6h13.m8, δ2000 = 12◦48′ and l = 197.◦26, b =
−2.◦33 (2000). Ruprecht (1966) described it as belonging to
Trumpler (1930) class III1r, i.e. a rich, moderately concentrated
open cluster with stars in a narrow range of brightness. This object
belongs to a group of old and intermediate-age open clusters pro-
jected towards the direction of the Galactic anticentre. For research
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in Galactic structure, the anticentre direction has special interest be-
cause in this zone the line of sight intersects the outer arms of the
Galaxy without interference from the inner regions. Old distance
estimates of NGC 2194 range from 900 to 5010 pc (Alter, Ruprecht
& Vanisek 1970), though most recent evidence places it near 3.0
kpc from the Sun. NGC 2194 is in itself worth a detailed study
for the number of red giant candidates it contains and the possibil-
ity it offers of studying the morphology of the red giant region in
connection with previous results (Claria´, Mermilliod & Piatti 1999;
Mermilliod et al. 2001; Claria´ et al. 2003). Despite this interest-
ing feature recognized in the first cluster photometric study (Cuffey
1943), this object has so far received relatively little attention. del
Rio (1980) published colour–magnitude diagrams of NGC 2194
based on photometry of 212 stars in the RGU system. He derived a
reddening of E(G − R) = 0.58, a distance of 2740 pc and an age
of 800 Myr. Recently, Sanner et al. (2000) presented much better
CCD BV data for 2120 stars and a proper motion study in the cluster
field. Fitting isochrones to their observed (V , B − V ) diagram, they
obtained E(B − V ) = 0.45 ± 0.02, a distance of 2884 pc and an
age of 550 Myr. They were also able to determine the initial mass
function of NGC 2194 based on 623 main sequence stars, and found
a shallow function with slope of  = −1.33 ± 0.29. As far as we
know, no study of the cluster metal content has yet been made.
We report here the results obtained from CCD V I KC photometry
of 2515 stars brighter than V ≈ 21 mag in the cluster field. These data
are supplemented with CCD photometry in the C , M and T 1 filters
of the Washington photometric system (Canterna 1976) and photo-
electric CMT1T 2 data of 20 red giant candidates. The advantages
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that the Washington system offers in deriving accurate abundances
in yellow and red cluster giants have been clearly pointed out by
Geisler, Claria´ & Minniti (1991). The V I KC and CMT1T 2 photo-
metric data are used to derive the cluster fundamental parameters
(absorption, distance and age) as well as to estimate the cluster metal
content.
In Section 2 we describe the observational material and the data
reduction. In Section 3 we present the analysis of the photomet-
ric data, while in Section 4 and through the fitting of theoretical
isochrones, we determine the cluster parameters reddening, dis-
tance, age and metallicity. A brief discussion of the present results
is given in Section 5 and a short summary of our conclusions is
included in Section 6.
2 O B S E RVAT I O N S A N D R E D U C T I O N S
2.1 CCD VI and CMT1 photometry
CCD images of the cluster field were obtained with the Johnson V ,
Kron–Cousins I and Washington C, M and T1 filters, using the 0.9-m
telescope at the Cerro Tololo Inter-American Observatory (CTIO),
Chile, on 1997 December 23–24. The recommended prescription
for the C filter that we used is the one given in Geisler (1996). The
telescope was equipped with the 2048 × 2048 pix CCD Tektronix
2K #3 and the seeing was typically 1.5 arcsec during the observing
night. The detector used has a pixel size of 24 µm, producing a scale
on the chip of 0.4 arcsec pixel−1 (focal ratio f/13.5) and a field of
view of 13.6 × 13.6 arcmin2. The CCD was controlled by the CTIO
ARCON 3.3 data acquisition system in the standard quad amplifier
mode operating at a gain setting of 5 e−/ADU with a readout noise
of 4 e−. Note that the standard Washington T 2 filter has long been
known to be identical to the Kron-Cousins I filter (Canterna 1976;
Bessell 1979). We obtained one 15-s and one 150-s V exposure, one
10-s, one 15-s and one 150-s I exposure, two 50-s C exposures, two
10-s M exposures and three 10-s T 1 exposures for NGC 2194. Fig. 1
shows an schematic finding chart of the observed cluster field.
Figure 1. Schematic finding chart of the stars observed in the field of NGC
2194. North is up and east is to the left. The sizes of the plotting symbols
are proportional to the V brightness of the star.
The observations were supplemented with a series of 10 bias and
five dome and sky flat-field exposures per filter during the observing
night to calibrate the CCD instrumental signature. Observations of
numerous standard stars from the lists of Landolt (1992) and Geisler
(1996) covering a wide range in colour were also observed during
the observing night to standardize our photometry.
The VI and CMT1 images were reduced at CTIO, using QUAD-
PROC tasks of the IRAF software package.1 The images were bias-
subtracted and flat-fielded by employing weighted combined signal–
calibrator frames. In addition, we checked for the existence of any
illumination pattern on the chip; no correction was necessary. Then,
the instrumental magnitudes for the standard and NGC 2194 fields
were derived at the Observatorio Astrono´mico de la Universidad Na-
cional de Co´rdoba (Argentina) from aperture photometry and point
spread function fits under DAOPHOT/IRAF routines (Stetson 1991),
respectively. The relationships between instrumental and standard
magnitudes were obtained by fitting the equations
v = a1 + V + a2 XV + a3(V − I ), (1)
i = b1 + V − (V − I ) + b2 X I + b3(V − I ), (2)
c = c1 + T1 + (C − T1) + c2 XC + c3(C − T1), (3)
m = d1 + T1 + (C − T1) − (C − M) + d2 X M + d3(C − T1), (4)
t1 = e1 + T1 + e2 XT1 + e3(C − T1), (5)
where ai, bi, ci, di and ei (i = 1, 2 and 3) are the coefficients
derived through the FITPARAM routine in IRAF, and X represents the
effective airmass. Capital and lower-case letters represent standard
and instrumental magnitudes, respectively.
Note that for the observing night there are as many instrumental
magnitudes per filter as observed standard stars, so that equations
(1)–(5) were fitted by least-squares simultaneously. The rms errors
affecting the calibration of the equations (1) to (5) are 0.018, 0.006,
0.017, 0.012 and 0.013 mag, respectively. Then, we generated a
master table containing a running number, the X and Y coordinates,
the V magnitudes and V − I colours, the observational errors σ (V )
and σ (V − I ) provided by the IRAF.INVERTFIT task, and the number
of observations. This table was built by combining all the indepen-
dent measurements using the stand-alone DAOMATCH and DAOMAS-
TER programmes kindly provided by Peter Stetson. Table 1 provides
this information and is available upon request to the first author of
this paper. A portion of this table is shown here for guidance regard-
ing its form and content. In the same way, we built a master table
including the T 1 magnitudes and C − M , T 1 − T 2 and C − T 1
colours for all the measured stars, together with the corresponding
X and Y coordinates and the photometric errors as deduced from the
INVERTFIT task. Note that the Washington M − T 1 colours may be
derived from the difference between the C − T 1 and C − M colours.
These photometric data are also available upon request to the first
author. Table 2 lists coordinates, T 1 magnitudes, C − M , T 1 −
T 2 and C − T 1 colours and the corresponding observational errors
1 IRAF is distributed by the National Optical Astronomy Observatories, which
is operated by the Association of Universities for Research in Astronomy,
Inc., under contract with the National Science Foundation.
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Table 1. CCD V I data of stars in the field of NGC 2194.
Star X Y V σ (V ) V − I σ (V − I ) n
(pixel) (pixel) (mag) (mag) (mag) (mag)
1 154.901 2.301 17.199 0.078 −0.095 0.111 1
2 635.334 3.002 18.836 0.004 1.340 0.109 2
3 108.996 3.036 18.811 0.028 1.329 0.042 1
4 962.257 4.463 18.585 0.044 1.422 0.096 3
5 1041.490 4.493 16.839 0.015 0.889 0.014 3
. . . . . . . .
. . . . . . . .
. . . . . . . .
for only 14 bright and well-isolated red giant candidates located in
CCD regions that are free from bad pixels (see Section 4.1).
Fig. 2 shows the trend of the V magnitude and V − I colour
errors with V provided by DAOPHOT for NGC 2194. A comparison
between our V magnitudes and the CCD V magnitudes determined
by Sanner et al. (2000) is shown in Fig. 3. Note that for 1486 stars
there is an offset of (V our − V ccd) = 0.04 ± 0.06 mag in common,
as well as an indication of some non-linearity in that offset between
both magnitude scales.
2.2 Photoelectric Washington photometry
We also obtained photoelectric photometry with the Washington
system C, M, T 1 and T 2 filters for 10 red giant candidates in
NGC 2194, during one night in 1993 January with the CTIO
1.0-m telescope. A single-channel pulse-counting photometer was
used in conjunction with a dry-ice cooled Hamamatsu R943-02
GaAs photomultiplier. Only one photoelectric measurement was
performed for each star. Mean extinction coefficients at CTIO
were employed and 17 standard stars from the lists of Canterna &
Harris (1979) were used to place the photoelectric observations into
the standard Washington system. The colour transformation slopes
agree well with those found by Canterna (1976) for CTIO, and
the internal mean errors of a single observation are 0.008, 0.009,
0.013 for the C − M , M − T 1 and T 1 − T 2 colours, respec-
tively, and 0.015 for the T 1 magnitudes. These errors are practi-
cally independent of the T 1 magnitude. A comparison between the
present CCD and photoelectric colours for four stars measured in
Table 2. CCD Washington photometry of stars in the field of NGC 2194.
Star X Y C − M σ (C − M) T 1 − T 2 σ (T 1 − T 2) C − T 1 σ (C − T 1) T 1 σ (T 1) n
(pixel) (pixel) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
185 730.28 200.85 1.325 0.006 0.763 0.006 2.405 0.015 13.713 0.008 2
248 627.09 262.30 1.409 0.004 0.811 0.024 2.496 0.031 13.579 0.026 2
303 362.80 316.25 1.806 0.018 0.770 0.019 3.088 0.031 12.638 0.012 2
561 1275.50 522.81 1.325 0.011 0.722 0.037 2.307 0.039 14.134 0.027 2
1064 297.28 844.45 1.285 0.007 0.719 0.011 2.294 0.015 13.274 0.008 2
1187 1861.46 920.67 1.430 0.010 0.748 0.009 2.536 0.012 13.054 0.008 1
1332 296.27 1009.99 1.468 0.005 0.824 0.008 2.635 0.004 13.237 0.010 2
1578 1181.57 1154.10 1.489 0.007 0.821 0.014 2.643 0.004 13.529 0.010 2
1632 495.72 1195.80 1.438 0.005 0.765 0.011 2.578 0.001 13.112 0.004 2
1669 555.56 1224.98 1.576 0.011 0.862 0.004 2.815 0.007 13.197 0.005 2
1698 1481.06 1242.94 1.485 0.010 0.796 0.011 2.618 0.015 12.944 0.011 1
1699 656.53 1245.11 1.762 0.006 0.772 0.021 3.030 0.015 13.763 0.020 2
2422 691.88 1928.99 1.558 0.016 0.822 0.017 2.736 0.023 13.625 0.016 1
2440 257.70 1949.81 1.683 0.016 0.913 0.016 2.925 0.023 13.456 0.015 1
Figure 2. Magnitude and colour photometric errors as a function of V .
Figure 3. Differences of our V our magnitudes respect to Sanner et al. (2000)
V ccd magnitudes as a function of V .
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Table 3. Photoelectric CMT1T 2 data of red giant candidates.
Star X Y C − M M − T 1 T 1 − T 2 T 1
(pixel) (pixel) (mag) (mag) (mag) (mag)
464 752.603 453.946 1.099 0.889 0.640 13.234
672 1150.776 596.934 1.461 1.092 0.792 13.438
1052 810.176 838.784 1.133 1.015 0.821 13.414
1192 1224.633 922.540 1.315 1.054 0.783 13.268
1379 927.778 1030.212 1.559 1.166 0.822 12.963
1578 1181.575 1154.107 1.515 1.183 0.836 13.590
1632 495.720 1195.809 1.408 1.096 0.801 13.141
1669 555.564 1224.980 1.61 1.210 0.903 13.268
1698 1481.060 1242.942 1.520 1.145 0.809 13.012
1837 987.265 1339.819 1.591 1.231 0.876 13.103
common with both techniques yields (C − M)CCD − (C − M)pe =
−0.017 ± 0.026, (M − T 1)CCD − (M − T 1)pe = 0.008 ± 0.028
and (T 1 − T 2)CCD − (T 1 − T 2)pe = −0.026 ± 0.012, thus showing
considerable correspondence between the photoelectric and CCD
Washington colours. The new photoelectric CMT1T 2 data for 10
red giant candidates in NGC 2194 are presented in Table 3.
3 A NA LY S I S O F T H E DATA
Fig. 4 shows the resulting (V , V − I ) colour–magnitude diagram
(CMD) obtained using all the measured stars. A first glance at the
figure reveals a crowded broad sequence of stars which traces the
cluster main sequence (MS), and a prominent clump of red stars
at (V , V − I ) ∼ (14, 1.6). The precise definition along 7 mag of
the MS lower envelope is absolutely remarkable, in contrast to the
blurry appearance of the MS upper envelope which suggests the pos-
sible existence of field contamination, differential reddening and/or
intrinsic dispersion (e.g. binarity, evolutionary effects), or else a
combination of all these effects. Another interesting feature of the
(V , V − I ) CMD is the presence of a number of good candidates for
blue stragglers (BSs). There are 22 stars above the turn-off and bluer
Figure 4. (V , V − I ) colour–magnitude diagram for stars observed in the
field of NGC 2194.
than V − I = 0.8 in the area where BS stars are commonly found. Of
these, 17 are within 5 arcmin of the cluster centre. Although without
knowing the radial velocities we cannot assess membership of these
stars, based on statistical grounds we may reasonably expect many
of them to be cluster members. Note that star #1207 of our sample,
equivalent to del Rio #160 or Sanner et al. (2000) #38, is the only
one considered to be a BS in the catalogue of blue stragglers in open
clusters of Ahumada & Lapasset (1995).
A simple inspection of the photometric data shows that 49 per
cent of the total number of measured stars have three measures of
their V magnitudes and V − I colours and approximately expand
from =13 down to 19, while 16 and 35 per cent of the measured
stars have two and one measures and cover V ranges of 15–19.5
and 18.5–21 mag, respectively. Thus, stars with three measures that
also have small photometric errors become a valuable reference to
the reliability of the morphology and position of the main cluster
features. These cluster features apparently remain unaltered when
Fig. 4 is constructed using only stars with photometric uncertainties
within 0.01 mag from the mean error at any V magnitude level.
This result might seem to indicate that the broadness and scatter of
the cluster MS is not originated by errors in our photometry. In the
subsequent analysis we refer to as the broadness of the MS to the
upper MS, as for the very lower MS, the broadness is mainly due to
the errors in V − I .
With the aim of exploring the origin of the observed scatter to-
wards the redder end of the cluster MS, we decided to get hold of
proper motions determined by Sanner et al. (2000). However, as
only a handful of bright stars have probabilities of being cluster
members higher than 80 per cent – the limiting membership crite-
rion adopted by them – in common with Sanner et al., we did not find
such information helpful for our purposes. All these stars proved to
be brighter than V = 15 as is similarly shown in their fig. 14.
The contamination by field stars can also disturb the drawing of
a clearer outline of the right-hand side of the cluster MS. As we
did not take any comparison field around the cluster, we evaluated
such a possibility in the cluster CMD by first determining the cluster
centre, and then constructing its stellar density profile from which we
estimated the cluster radius. To determine the central coordinates
of the cluster we simply used the finding chart of Fig. 1 instead
of a statistical approach. The relatively high space resolution of
the images obtained and the presence of groups of stars spreading
out throughout the field, produced spurious peaks in the projected
X and Y stellar distribution which mimic central cluster regions,
assumed to be those of the highest stellar densities. Therefore, we
adopted as the cluster centre the position (XC, YC) = (1000, 1010)
pixel by looking at Fig. 1. We then traced the cluster stellar density
profile from the count of the number of stars per pixel in rings
of 30 pixel wide centred on the cluster. No more detailed stellar
profile is provided using a narrower ring size, but additional noise
which increases as the radial interval gets smaller. Fig. 5 presents
the resulting stellar density distribution, which shows that cluster
stars are distributed within an area with a radius of ∼800 pixel
from the cluster centre, most of them lying inside ∼360 pixel. The
horizontal line in Fig. 5 indicates the estimated background level.
Therefore, we adopted 800 pixel, equivalent to 5.3 arcmin, as the
cluster radius. The fact that NGC 2194 appears to cover most of
the CCD field prevents us from attributing the MS broadness to the
contamination of field stars surrounding the cluster, although field
stars were certainly observed along its line of sight.
We looked into the nature of the broadness of the cluster MS
following a different approach, which consists in examining the
distribution in the cluster field of stars placed at different distances
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Figure 5. Stellar density profile centred at (XC , YC) = (1000, 1010) pixel
for stars observed in the field of NGC 2194.
from the fiducial cluster MS. First, we defined the fiducial cluster
MS as the curve joining the points on the cluster MS with the high-
est star densities. Fig. 6 shows the resulting fiducial sequence by
means of a thick solid line. Secondly, in order to take into account
the photometric errors, we fitted σ (V) and σ (V − I ) in terms of V
(Fig. 2) using the CURFIT task executable within the IRAF environ-
ment. Mean σ (V) and σ (V − I ) points at different V magnitudes
were adjusted using Legendre functions of the order of 6 for V 
Figure 6. (V , V − I ) colour–magnitude diagram for stars observed in the
field of NGC 2194. The fiducial cluster Main Sequence (MS), the ±3σ (V −
I) shifted MS, the Burki’s limit shifted MS and the (V − I ) = 0.30 shifted
MS are also drawn with thick solid, thin solid, short dashed and dotted lines,
respectively (see details in Section 3).
17 mag, and assumed to be equal to 0.01 mag for V < 17. Then,
we defined the cluster MS width due to photometric errors as the
distance at any V magnitude level between points which are sepa-
rated by 3σ (V − I ) from the fiducial cluster MS. Thin solid lines in
Fig. 6 at both sides of the fiducial cluster MS represent the lower and
upper limits of the defined MS width. Notice that lacking any other
source for colour dispersion, cluster MS stars should be inside this
zone. Otherwise, cluster stars with redder V − I colours could be
affected by differential reddening or evolutionary effects. Thirdly,
we shifted redwards the fiducial cluster MS until we reached the
lower limit estimated by Burki (1975) for clusters with differential
reddening, (B − V ) = 0.11, which corresponds to (V − I ) =
0.15 if a value of 1.33 for the E(V − I )/E(B − V ) ratio (Cousins
1978) is adopted. This curve is drawn in Fig. 6 with short dashed
lines. Finally, we also traced the fiducial cluster MS with an offset
twice that of the Burki’s value (dotted line), i.e. (V − I ) = 0.30,
for the sake of comparison.
Fig. 7 depicts the distribution of stars in the observed field which
are placed in different slices along the cluster MS as illustrated in
Fig. 6, namely inside the cluster MS width (upper left-hand panel),
between the upper limit of this region and the Burki’s limit (upper
right-hand panel), from the Burki’s limit as far as (V − I ) = 0.30
(lower left-hand panel), and beyond this shifted MS (lower right-
hand panel). As can be seen, most of the observed stars lie within
the photometric limits defined from the fiducial cluster MS and the
V − I errors of Fig. 2. Stars in the upper right-hand panel are notably
concentrated within a region which agrees well with the estimated
full width at half maximum (FWHM) of the stellar density profile
of Fig. 5, while stars with V − I colours redder than those for the
Burki’s limit and bluer than the (V − I ) = 0.30 shifted MS (lower
left-hand panel) appear to be distributed more uniformly through-
out the field. If these latter stars were cluster members, we could
draw the conclusion that NGC 2194 is affected by some amount
of differential reddening. However, because stars from the lower
right-hand panel of Fig. 7 also show a similar relatively uniform
star distribution, we favour the possibility that an important per-
centage of the stars in the lower left-hand panel are field stars in-
stead of considering them as cluster stars affected by differential
reddening. Thus, we conclude that the broadness of the NGC 2194
MS is mainly caused by intrinsic features such as binarity and/or
evolutionary effects, although a small but non-negligible number
of field stars located along the line of sight of the cluster are also
present.
4 C L U S T E R F U N DA M E N TA L PA R A M E T E R S
The widely used procedure of fitting theoretical isochrones to the
observed CMD was employed to estimate the E(V − I ) colour
excess, the V − MV apparent distance modulus, the age and the
metallicity of NGC 2194. We took advantage of the extended and
clearly shaped cluster MS, as well as of the presence of a con-
spicuous cluster giant clump (GC). Two sets of theoretical models
were taken into account. On the one hand, we used the isochrones
calculated by Lejeune & Schaerer (2001, hereafter LS01) for the
entire set of non-rotating Geneva stellar evolution models, cover-
ing masses from 0.4–0.8 to 120–150 M and metallicities from
Z = 0.0004 to 0.1. The isochrones expand the age range from 103
yr to 16–20 Gyr in steps of  log t = 0.05 dex. On the other
hand, we used tables of theoretical isochrones built by Girardi et al.
(2002) on the basis of a re-written formalism for converting several
sets of Padova isochrones into absolute magnitudes and colours of
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Figure 7. Schematic finding charts of the stars distributed inside the ±3σ (V − I ) shifted MS (upper left-hand panel), between +3σ (V − I ) and Burki’s limit
MSs (upper right-hand panel), from Burki’s limit until (V − I ) = 0.30 shifted MS (lower left-hand panel), and beyond (V − I ) = 0.30 shifted MS (lower
right-hand panel).
different photometric systems. Bolometric corrections are obtained
from the resulting formulae and synthetic stellar spectra, provided
that the zero-points are specified by means of well-known spec-
trophotometric standards.
Concerning the fit, we used the brightness of both the GC and the
MS turn-off (TO) and the V − I colour of the TO, as references for
selecting a subsample of isochrones computed by the Geneva and
Padova groups, respectively, including the overshooting effect. In
order to address the metallicity effect in the cluster fundamental pa-
rameters, subsets of isochrones for different Z values were selected.
The best simultaneous match to the cluster MS and GC is achieved
by the isochrone of log t = 8.6 and Z = 0.008. From this fit we
derive E(V − I ) = 0.75 and V − MV = 14.25 mag. The uncer-
tainty in the choice of the most resembled isochrone to the cluster
MS and GC due to a random combination of age and metallicity is
50 Myr, which in turn translates into errors in E(V − I ) and V −
MV of 0.05 and 0.25 mag, respectively. Once the above reddening
and distance modulus are adopted, the combination of varying age
and metal abundance in the fitting procedure of LS01 isochrones
is illustrated in Fig. 8, where four different isochrones were super-
imposed to the cluster CMD for three distinct metallicities. For the
sake of completeness we also show in Fig. 9 the results of the fitting
by using the Girardi et al. (2002) isochrones. Notice that the cluster
MS is satisfactorily fitted within the errors by the isochrone corre-
sponding to log t = 8.6 of LS01, and that of Girardi et al. (2002) as
well. The isochrones also appear to tightly fit possible cluster stars
placed in the transition path from the MS to the GC. By using the
derived E(V − I ) reddening and apparent distance modulus and
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Figure 8. (V , V − I ) CMDs for NGC 2194 stars. Isochrones from Lejeune & Schaerer (2001), computed taking into account overshooting, are overplotted.
the most frequently used values for the E(V − I )/E(B − V ) and
AV/E(B − V ) ratios (Cousins 1978), we obtained E(B − V ) =
0.55 ± 0.05 and V o − MV = 12.5 ± 0.5, which implies a distance
from the Sun of 3.2 ± 0.6 kpc. The distance error was computed with
the expression: σ (d) = 0.46{σ (V − MV ) + 3.2 σ [E(B − V )]}d,
where σ (V − MV ) and σ [E(B − V )] represent the estimated errors
in V − MV and E(B − V ), respectively. Note that the E(B − V )
reddening value turned out to be considerably greater than the value
derived by Sanner et al. (2000).
Fig. 10 shows an enlargement of the GC region. Isochrones cor-
responding to log t = 8.6 and Z = 0.008 calculated by both groups
have been superimposed in this figure. The loop corresponding to the
bluest stage during the He-burning core phase in both isochrones
is shifted towards redder colours with respect to the position of
the cluster GC, approximately (V − I ) = 0.15–0.20 mag, the
LS01 loop being slightly bluer. Theoretical GCs have also fre-
quently proved to be redder than the observed GCs in previous
studies of star cluster spanning ages from 0.3 up to 2.3 Gyr (Meynet,
Mermilliod & Maeder 1993; Claria´ et al. 1994; Rosvick 1995;
Geisler et al. 2003), although some other studies have found excel-
lent agreement between theory and observations for red clumps of
intermediate age clusters (Mermilliod et al. 2001). Particularly, Pi-
atti, Claria´ & Bica (1998) confirmed the existence of a shift between
the observed loops and the theoretical ones for clusters older than
200 Myr from the comparison of empirical and Padova isochrones.
Using their empirical isochrones, we obtained E(V − I ) = 0.70 ±
0.05, V − MV = 14.25 ± 0.50 and an age of 300 ± 50 Myr for NGC
2194, in good agreement with the adopted cluster parameters. The
cluster GC falls inbetween those of the template clusters NGC 6259
(age = 200 Myr) and NGC 3680 (age = 2.0 Gyr).
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Figure 9. (V , V − I ) CMDs for NGC 2194 stars. Isochrones from Girardi et al. (2002), computed taking into account overshooting, are overplotted.
4.1 Metal content
Geisler, Claria´ & Minniti (1991, hereafter GCM91) have calibrated
five Washington metallicity sensitive indices in terms of high dis-
persion spectroscopic iron-to-hydrogen ratios and proposed an it-
erative method to estimate metal abundances of late-type giants.
The method allows for mean cluster abundances to be easily ob-
tained after a few iterations, although the accuracy of the resulting
metallicity values strictly depends on the quality of the photomet-
ric data. As far as we are aware, only photoelectric Washington
colour indices with a precision of the order of ∼0.01 mag have been
used up to now (e.g. Claria´, Mermilliod & Piatti 1999; Mermilliod
et al. 2001), and no CCD CMT1T 2 photometric study has yet re-
ported mean open cluster metallicities. Wee & Lee (1996) and Wee,
Lee & Geilser (1996) obtained only very preliminary [Fe/H] val-
ues for the open clusters NGC 1245 and Tombaugh 2 using CCD
Washington data, but no explanation about the uncertainties in-
volved in the adopted abundances are given. Therefore, for the
stars observed with the CCD technique in NGC 2194, we conserva-
tively keep those stars that verify mf (i = 14) − mf (i = 15) < 0.01
mag, where mf (i) is the instrumental magnitude of a star measured
through the passband f with aperture of i pixels in radius. This crite-
rion constrains the selection of stars to those bright and well isolated
stellar objects placed in free-bad pixel CCD regions. Table 2 lists
coordinates, colours and magnitudes of 14 stars which satisfy the
established requirement.
GCM91 defined fiducial lines for solar-abundance giants in the
Washington system colour–colour (CC) diagrams, including the
(C − T 1)o /(T 1 − T 2)o, (C − M)o /(M − T 2)o and (C − T 1)o/(M
− T 2)o relations. They defined the abundance-sensitive index  as
the difference between the observed colour and the solar-abundance
colour at the observed (T 1 − T 2)o [or (M − T 2)o], where all colours
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Figure 10. (V , V − I ) CMDs for stars in the red clump region of NGC
2194. The isochrone for log t = 8.6 and Z = 0.008 from Girardi et al. (2002)
and Lejeune & Schaerer (2001) is overplotted with solid and dotted lines,
respectively.
refer to dereddened values. For example, 1 = (C − M)T1−T2 =
(C − M)o − (C − M)s, where (C − M)o is the observed C − M
value corrected for reddening and (C − M)s is the solar abundance
C − M for a star with the observed (reddening-corrected) (T 1 −
T 2)o.
GCM91 also demonstrated that the calibration of the Wash-
ington abundance indices is affected by systematic errors due to
the decrease of abundance sensitivity with temperature and es-
tablished empirical calibrations of five abundance indices ′1 −
′5 with [Fe/H], where ′1 − ′5 refer respectively to ′(C −
M)T1−T2 , ′(M − T 1)T1−T2 , ′(C − T 1)T1−T2 , ′(C − M)M−T2 and
′(C − T 1)M−T2 . These indices can be calculated from the  in-
dices as described by GCM91 using their equation (2). In particular,
′ =  for stars with (T 1 − T 2)o = 0.57 or (M − T 2)o = 1.45.
To determine the cluster metal content we have used the pho-
tometric information of 20 red giant candidates (Tables 2 and 3),
obtained from the blue and green spectral regions. This is due to the
fact that for G and K stars, the abundance parameters based on these
spectral regions are sensitive to metallic line blanketing (primarily
due to iron) and to metallic plus molecular (CN and CH) absorption.
As mentioned in Section 2.2, four stars were observed in common
with the CCD and photoelectric techniques so that their unweighted
averaged colours have been adopted. For each star we determined
the five metallicity indices ′1 − ′5, using the adopted cluster value
E(B − V ) = 0.55 and the reddening ratios given by GCM91. Stars
#185, 464, 561, 1064 and 1187 were omitted because they fall out-
side the range of the empirical calibrations. Fig. 11 displays the five
unreddened Washington CC diagrams for the remaining red giant
candidates. Iso-abundance lines for [Fe/H] = +0.5, 0.0, −0.5 and
−1.0 are shown in this figure, except for the (M − T 1)o/(T 1 − T 2)o
diagram wherein iso-abundance lines corresponding to [Fe/H] =
+0.4, 0.0, −0.4 and −0.8 are plotted. Note that six stars (#303, 1052,
1669, 1699, 1837 and 2440) appear to be significantly more metal-
poor or more metal-rich than the cluster giants so that these stars,
represented by open circles in Fig. 11, have not been considered
in the metallicity determination. The five Washington abundance
indices ′ derived for the remaining nine stars are given in Table 4.
The resulting mean values and corresponding standard deviations
are: ′1 = −0.114 ± 0.032, ′2 = −0.021 ± 0.019, ′3 = −0.140
± 0.052, ′4 = −0.082 ± 0.032 and ′5 = −0.087 ± 0.035, which
in turn imply [Fe/H]1 = −0.28 ± 0.09, [Fe/H]2 = −0.20 ± 0.13,
[Fe/H]3 = −0.28 ± 0.13, [Fe/H]4 = −0.30 ± 0.13 and [Fe/H]5 =
−0.27 ± 0.11, if the calibrations of GCM91 are used. The differ-
ence between the abundances derived from the iron lines and those
obtained from the blue spectral features contaminated by CN and
CH is not overly significant, considering the photometric and cali-
bration errors. This fact leads us to conclude that the cluster giants
are not enriched in elements of the CNO group. The unweighted
mean of the five abundance estimates, i.e. [Fe/H] = −0.27 ± 0.03,
has been adopted for NGC 2194. The metallicity error corresponds
to the standard deviation of the five independent [Fe/H] values de-
rived from the ′ indices. The resulting Washington metallicity for
NGC 2194 is in very good agreement with that inferred from the
isochrone fitting procedure.
5 D I S C U S S I O N
The resulting cluster reddening and distance estimates place
NGC 2194 among the relatively most reddened and distant studied
open clusters located towards the cluster direction, a result which
is illustrated in Fig. 12. With the help of the WEBDA Open Clus-
ter Data Base (see, http://obswww.unige.ch/webda/), we selected a
list of clusters distributed within a region of 15◦ × 15◦ centred on
NGC 2194, defined by 190◦  l  205◦ and −10◦  b  5◦, and
with known values of their colour excesses, distances and ages. In
Table 5 we present the final cluster list with the values of the adopted
parameters and corresponding references, having averaged the in-
volved quantities when two or more references were used. Open
circles represent these clusters, while a star identifies NGC 2194.
The upper left-hand panel shows the cluster angular distribution,
which reveals a remarkable tendency of the clusters to be located
close or in the Galactic plane. This characteristic is also visible
in the upper right-hand panel of Fig. 12. On the other hand, the
E(B − V ) versus d relationship shows the commonly expected
simple result that, the farther the cluster is located along the same
line of sight, the higher the interstellar reddening estimate, because
of the increase of the dust column with the cluster distance. This
result has no quarrel with the existence of more or less reddened
open clusters, which is rather a consequence of the non-uniform
distribution of the dust with the Galactic coordinates.
Both right-hand panels of Fig. 12 show that three clusters
(NGC 2141, Berkeley 22 and Trumpler 5) are older, and two of them
(NGC 2141 and Berkeley 22) are farther out the Galactic plane than
NGC 2194. The three older clusters (2.5 age4.1 Gyr) have prob-
ably travelled through the Galactic disc, crossing the Galactic plane
several times (Carraro & Chiosi 1994; Piatti, Claria´ & Abadi 1995),
and are presently observed at different heights (Z). In addition, they
have been born at higher |Z| values than the younger ones, becuase
if they had been born near the Galactic plane they might have had
initial perpendicular velocities in order to reach higher |Z| values,
which is unlikely for objects with birthplaces confined to low |Z|
values. Notably, NGC 2194, although more than 6 times younger
than these 2–4 Gyr old clusters, has also been born at a higher |Z|
value (its present |Z| value is 0.13 kpc) than coeval or younger
clusters.
According to the generally accepted image of a radial abundance
gradient for the Galactic disc, one would expect NGC 2194 to be
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Figure 11. Red giant candidates observed in the Washington system plotted in the different unreddened two-colour diagrams from which the ′i abundance
parameters are derived. Iso-abundance relations from GCM91 for 0.5 dex intervals from [Fe/H] = −1.5 to 0.5 are shown, except for the (M − T 1)o /(T 1 −
T 2)o diagram wherein iso-abundance relations for 0.4 dex intervals from [Fe/H] = −0.8 to +0.4 are given. Stars considered to be probable red cluster giants
are represented with filled circles, while those significantly more metal-poor or metal-rich than the cluster giants are represented with open circles.
−0.22 ± 0.03 dex more metal-poor than the Sun, if a value of
∂[Fe/H]/∂ RGC = −0.07 ± 0.01 dex kpc−1 is adopted for the radial
abundance gradient (Piatti, Claria´ & Abadi 1995; Rolleston et al.
2000). This is the metallicity corresponding to an object located
in the Galactic plane (Z = 0.0) and 3.2 kpc farther from the Sun
toward the Galactic anticentre. However, NGC 2194 is even more
metal-poor than this radial gradient based metallicity value. This
small metallicity difference could be explained in terms of a per-
pendicular abundance gradient, for which farther objects are more
metal-poor. Piatti et al. (1995) derived a perpendicular abundance
gradient of ∂[Fe/H]/∂ Z = −0.34 ± 0.03 dex kpc−1 from an homo-
geneous abundance scale for Galactic open clusters, independently
of the radial abundance gradient. Indeed, the perpendicular gradient
prevails even after correcting the cluster metallicities by the radial
abundance gradient. As NGC 2194 is located 0.13 kpc below the
Galactic plane, we obtain a [Fe/H] value of −0.04 ± 0.01 from the
Z-gradient, if the cluster were placed at the solar Galactocentric dis-
tance. The contribution of both radial and pependicular abundance
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Figure 12. Relationship between the Galactic longitude and latitude, the distance from the Sun, the height out of the Galactic plane, the reddening and the
age of open clusters located in the direction towards NGC 2194 (open star) with known fundamental parameters (open circles)(see Section 5 for details).










248 −0.151 −0.060 −0.201 −0.101 −0.128
672 −0.077 −0.040 −0.107 −0.018 −0.024
1192 −0.135 −0.039 −0.176 – –
1332 −0.150 −0.013 −0.181 −0.123 −0.127
1379 −0.090 −0.012 −0.103 −0.063 −0.067
1578 −0.154 −0.019 −0.226 −0.108 −0.125
1632 −0.080 +0.002 −0.078 −0.092 −0.069
1698 −0.077 −0.007 −0.111 −0.055 −0.057
2422 −0.116 −0.004 −0.076 −0.098 −0.100
gradients leads to an overall metallicity for NGC 2194 of −0.26 ±
0.02, in excellent agreement with the present cluster metallicity.
Hence, NGC 2194 becomes an example of a relatively young open
cluster, whose deficiency in metal content is not only due to the fact
that it was born far from the Galactic centre in the outer disc, but
also that it was born at a relatively high Z value.
6 C O N C L U S I O N S
We present CCD V I KC photometry for 2515 stars in the field of
the open cluster NGC 2194, as well as CCD and photoelectric
Table 5. Fundamental parameters for clusters located in the direction to-
wards NGC 2194.
Cluster l b E(B − V ) d |Z| Age Ref.
(◦) (◦) (mag) (kpc) (kpc) (Myr)
NGC 2175 190.08 +00.79 0.40 2.20 0.011 2 1, 2
Bochum 1 192.43 +03.41 0.48 4.43 0.102 20 3, 4
NGC 2169 195.63 −02.92 0.20 1.00 0.053 16 5, 6, 7
NGC 2141 198.07 −02.33 0.35 4.10 0.407 2500 8, 9, 10
Berkeley 22 199.80 −08.05 0.62 6.00 1.079 3000 11
NGC 2259 201.79 +02.12 0.59 3.31 0.122 300 12
Trumpler 5 202.86 +01.05 0.58 3.00 0.055 4100 13
NGC 2264 202.94 +02.20 0.07 0.76 0.025 6 14
NGC 2186 203.56 −06.20 0.31 1.83 0.156 55 4, 15
NGC 2251 203.60 +00.13 0.19 1.32 0.002 270 15
Basel 8 203.79 −00.12 0.37 1.32 0.002 125 15, 16
Basel 7 203.81 +00.54 0.40 1.60 0.014 110 15, 17
NGC 2254 204.35 +00.09 0.40 2.30 0.004 200 15, 18
NGC 2236 204.37 −01.69 0.76 3.70 0.086 80 19
References: (1) Haikala (1995), (2) Grasdalen & Carrasco (1975), (3)
Fitzsimmons (1993), (4) Moffat & Vogt (1975), (5) Sagar (1976), (6)
Perry, Lee & Barnes (1978), (7) Delgado et al. (1991), (8) Rosvick (1995),
(9) Carraro et al. (2001), (10) Burkhead, Burgess & Harsch (1972), (11)
Kaluzny (1994), (12) Ann et al. (2002), (13) Kaluzny (1998), (14) Sung,
Bessell & Lee (1997), (15) Lynga˚ (1987), (16) Wagner (1971), (17) Kiral
(1969a), (18) Kiral (1969b), (19) Babu (1991).
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Washington system photometry of 20 red giant candidates. We have
found the following properties for NGC 2194:
(i) The (V , V − I ) diagram reveals a broad sequence of stars
which traces the cluster MS and a prominent clump of helium burn-
ing stars. We show that the broadness of the cluster MS is mainly
caused by intrinsic features, such as binarity and/or evolutionary
effects, although a small but non-negligible number of field stars
located along the line of sight of the cluster are also present.
(ii) A cluster radius of 5.3 arcmin was estimated from star counts
in 30-pixel wide rings centred on the cluster. A number of blue
straggler star candidates exist, whose overall distribution is localized
within 5 arcmin of the cluster centre.
(iii) Through comparison of the cluster (V , V − I ) diagram with
theoretical isochrones computed by the Padova and Geneva groups,
we derived the following values for reddening, distance modulus,
age and metallicity: E(V − I ) = 0.75, V − MV = 14.25, t =
400 Myr and Z = 0.008.
(iv) A metal abundance [Fe/H] = −0.27 ± 0.03 relative to the
Sun was determined from the Washington system photometry of
nine probable red giant members, in good agreement with the value
inferred from the isochrones fitting.
(v) NGC 2194 is located at a distance of 3.2 kpc from the Sun
and 0.13 kpc below the Galactic plane. The cluster metallicity here
derived appears to be compatible with the existence of both a radial
and Z-gradient in the Galactic disc. Spectroscopic observations of
the red cluster giants will be of great importance and are strongly
recommended.
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